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Polyvinylpyrrolidone (PVP), a highly water-soluble polymer obtained by polymerization of N-
vinylpyrrolidone, was purified by adsorption onto activated carbon and strong acidic ion-
exchange resin. Various parameters that can affect the process were studied such as effect of 
contact time, effect of adsorbent dosage, effect of temperature, effect of PVP concentration, 
effect of NVP initial concentration. Adsorbent capacities were determined by mathematical 
fitting of equilibrium data using the most common isotherms: Freundlich isotherm and 
Langmuir isotherm. Several kinetic models were applied to the process. Thermodynamic 
parameters: △So, △Ho, △Go and Ea were determined. 
    The results show that the removal of monomer from the solution depends heavily on contact 
time that is the longer the contact time, the more NVP is removed. But this dependence is 
limited by equilibrium where the increase in contact time has no effect on the NVP 
concentration neither on the solid surface nor in the solution. The same situation has been 
observed when studying the effect of adsorbent dosage: at the beginning an increase in adsorbent 
amount leads to a considerable increase in the removal of the monomer. However, as a very 
large amount of adsorbent is applied, the increase in removal slows down progressively and it 
almost disappears at with increase of adsorbent. 
    As temperature effect was assessed, the results of this work showed that NVP removal 
increases with increasing temperature, in the temperature range under investigation that is from 
30 to 50o C. The effect of PVP concentration was also studied: at a constant initial concentration 
of NVP, the equilibrium NVP concentration increases with increase of PVP concentration up to a 
plateau. Initial NVP concentration has a great impact on NVP equilibrium concentration: 
equilibrium concentration increases with initial concentration; at low initial NVP concentration 
this increase is not significant and becomes greater as the initial concentration improves. 
    Furthermore kinetic modeling revealed that the process follows pseudo-second-order kinetic 
model, it was found to be spontaneous and endothermic. It is also important to mention here the 
lowest NVP values achieved by both adsorbents: in suspension, from an initial NVP 
concentration of 1000ppm, activated carbon achieved 2ppm while resin achieved 1ppm. In 
column from an initial NVP concentration of 31ppm, both adsorbents achieved a concentration 
less than 1ppm. Results of this work are important and have a great prospect for producing 
pharmaceutical grade Polyvinylpyrrolidone. 





































显示，采用搅拌方式，在 NVP 的初始浓度为 1000ppm 时，用活性碳作吸附剂时 NVP 的
最低浓度可达到 2ppm，而用树脂在相同的条件下则可以达到 1ppm。采用柱层析方式，
在 NVP 的初始浓度为 31ppm 时，两种吸附剂都能使 NVP 值低于 1ppm。本文的研究结果
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Polyvinylpyrrolidone (PVP), Povidone or Polyvidone is a member of a large family of chemicals 
termed Poly-N-vinylamides; they are highly water soluble synthetic polymers with a weighted 
average molecular weight between 2.5 and 1200 kDa. PVP is obtained by free polymerization of 
N-vinyl pyrrolidone (NVP) in water or isopropanol[1]. 
    Polymers of N-vinylpyrrolidone are being widely used in the fields of cosmetic preparations, 
chemicals, pharmaceutical preparations, food additives, personal care articles. It is used as 
binder in many pharmaceutical tablets. It is used in coatings for photo-quality ink-jet papers and 
transparencies; as well as in inks for inkjet printers and in other numerous technical applications. 
Today, soluble PVP (e.g. Kollidon, Polyvidone and Plasdone) is one of the most and widely used 
in pharmaceutical auxiliaries[2-5]. 
    Since PVP has some similarities to polyvinylchloride (PVC) whose monomer, vinyl chloride 
(VC), is known to be carcinogenic to humans, the lack of information on the amount of 
vinylpyrrolidone monomer (VP) in pharmaceutical and cosmetic products containing PVP and 
the dearth of knowledge concerning its metabolism and toxicity is cause for some 
concern[6].However the polymer PVP in its pure form is so safe that not only is it edible to 
humans, but also it was used as a blood expander for trauma victims after half of 20th century[3].  
    In these fields, requirements for high purity products and for removing odor and color 
forming impurities are strong. Particularly for toxicological and aesthetic reasons (odor), 
polymer should in principle be as free as possible of monomer. This applies in particular to 
























1.1.  N-Vinylpyrrolidone (NVP) 
 





 1-vinylpyrrolidin-2-one  
N-Vinylpyrrolidone is a slightly to moderately yellow heterocyclic, reactive vinyl monomer 
made from the reaction of acetylene and 2-pyrrolidone, with a characteristic odor.  
    The inherent properties of high polarity, low toxicity, water solubility, chemical stability and 
pseudo-cationic activity are imparted to its homopolymers and copolymers. It is miscible in 
water and organic solvents. It is the precursor to polyvinylpyrrolidone (PVP), an important 
synthetic material. Polymerization of NVP can be easy with a number of unsaturated species. In 
suitable conditions it can be hydrolyzed[9-11]. 








Molecular weight: 111.1 g/mol 
Density: 1.043 g/cm at 20°C 
Boiling range: 90-92°C at 1.3 kPa (5-95 mL) 
Vapor pressure: 0.012 kPa at 20°C 
Solidification range: 13.6-13.8°C 
Refractive index: 1.514 (nD20) 
Heat of fusion: 153 kJ/kg  
Heat of vaporization: 446 kJ/kg at 75°C (<7 mbar) 
Concentration of the saturated vapor based on the vapor pressure:  


















Heat of polymerization: -533 kJ/kg 
Specific heat capacity:  1.72 at 25°C, 1.83 at 50°C, 1.98 at 100°C 
Viscosity: 2.4 mPa at 20°C, 1.2 mPa at 60°C, 0.8 mPa at 100°C 
Flash point: 95°C (Pensky Martens) 
Ignition temperature: 240°C 
 
1.1.2.  Synthesis  
 
The synthesis of vinylpyrrolidone was first achieved by Reppe[2, 3] according to the following 
scheme which consisted of five steps: 
 
HC CH   + 2 HCHO HOCH2 C C CH2OH




















CH CH2  
 
    The commercial synthesis is rather complicated. Butynediol is prepared in a column in which 
30-35% formalin and acetylene are introduced in the presence of acetylenides of bismuth or 
copper at 90oC-100o C. The crude (35%) butynediol solution is distilled and hydrogenated over a 
copper-nickel catalyst at a temperature of 70oC-140o C and a pressure of 200-300 atm. Then the 
resulting butanediol is dehydrogenated to gamma-butyrolactone at 200o C in the presence of 
copper (silica); this product is distilled and treated with anhydrous ammonia in an autoclave at 
230o C and a pressure of 40 atm (in the batch method) or at 80-90 atm (in the continuous 
process). After vacuum distillation the pyrrolidone is vinylated, in the presence of anhydrous 


















    Shostaskovskii and others prepared vinylpyrrolidone in an analogous manner. Alpha-
Pyrrolidone is obtained by reaction of butyrolactone (3M) with liquid ammonia (5M) at 200-
220o C and 40-50 atm during a period of 15 hours. Yur’ev studied the catalytic conversion of 
butyrolactone to alpha-pyrrolidone by reaction with ammonia at 350o C in the presence of Al2O3.   







































    Succinimide was obtained by heating the ammonium salt of succinic acid at 300o C. The 
product was distilled (275-289o C) and recrystallized from 95% ethyl alcohol. The succinimide 
was reduced electrolytically to pyrrolidone in a 50% aqueous solution of sulfuric acid at lead 
electrodes with a current density of 80-90mA/cm2 and a current concentration of 900-100A/ liter. 
Vinylation of the pyrrolidone was carried out in an autoclave in a solution of dioxane and in the 
presence of potassium pyrrolidone at 15-25 atm and 125-132o C. The method described, which 
was carried out in a cell arrangement, is more convenient than Repp’s method. The 
vinylpyrrolidone which was systematically produced was used for the synthesis of polymers 
which gave satisfactory results when solutions of them were used as blood substitutes in the 
Leningrad Institute for Blood Transfusion.  
 
1.1.3.  Applications 
 
At the present time vinylpyrrolidone is widely used for the production of polymers and various 
copolymers which are used as agents prolonging the action of drugs, as detoxicators, in the 
production of beer and wine, in cosmetics and textile industries, for the preparation of adhesives, 
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